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Human Langerhans ce lls (LC) are located in the epi-
de rma l tissue which is natura lly accessible to UV irra-
diation. They may be the first immunocompetent cells 
exposed to its e ffect. In the present study, the epidermal 
t issue w as dissociated with try psin, and epidermal cell 
(EC) suspe nsions , which contain keratinocytes, melan-
ocy tes, a nd LC w ere irradiated with UVE (10 or 20 mJ/ 
cm 2 ). Afte r irradiation L C retained the ir surface deter-
mina nts: T -6 a nd HLA-Dr. In addition, the ir number 
did not decrease during 3 days of culture following UVE 
exposure as compared with nonirradiated EC cultured 
in pa rallel. On the con trary, UV irradiation of EC re-
s ulted in dec r eased lymphocyte-stimulating ability in a 
mixed s kin cell-l y mphocyte culture reaction (MSLR). 
EC used directly a fter irradiation in M SLR induced 
abou t h a lf the ly mphocyte r esponse compared to nonir-
r adi a ted EC. After 2 4 -h culture , the irradiated EC did 
not produce any lymphocy te r esponse , whereas the 48-
h cultures showed a slight ly mphocy te stimula tion. At 
72 h t he cultures from irradiated and nonirradiated EC 
s howed s imilar responses in MSLR. The doses of UV 
r adia tion which decreased MSLR r esponses did not af-
fect EC viabili ty and did not significantly reduce their 
DN A content. I t is suggested that unde r the experimen-
ta l conditions used in this study the defect induced by 
U V irradiation was esse ntially functional and was the 
r esult of the tra ns ien t inhibition of the antigen process-
ing func tion of L C rathe r than of an alteration in me m-
b rane a n t igen expression (T-6 and HLA-Dr). 
Ep idermal ce ll s (EC) and lymphocytes part icipate in the 
immunologic fun ctions of the skin l1 - 4). A new tool to approach 
lymphocyte- epidermal interactions has been provided by the 
in vit ro mi xed skin cell -lymphocyte cul ture reaction (MSLR). 
It has been shown t hat EC are ahle to induce peripheral blood 
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AbIJreviHt ions: 
DME M complete medium: Dulbecco' ti modi lied Eagle's medium 
supplement ed with 1 5% feta l ca lf serum a nd a nt ibiotics 
EC: nun irradiated epidermal ce ll (s) 
E LR: epidermal cell -lymphocyte reac tion 
ETAI': epidermal thymocyte-aCLivat ing factor 
FIT : fl uorescein isot.hi ocya nate 
I F: immunofl uorescence 
LC: La nge rha ns ce ll (s) 
MCAB: monoclonal a nt. ibody 
MS LR: mixed skin cell -lymph ocyte culture react ion 
P HL: peri pheral bloodlymphocyte(s) 
1'-6: a ntigen revealed by OKT-6 monoclonal a nt ibody 
UV -F;C: irradi ated epiderm al cell (s) 
UVR: ultf(lviolet radia tion 
lymphocyte (PBL) proliferation in both au tologous and allo-
geneic MSLR [5- 7]. 
Recent data support the hypothesis that among EC, Langer-
hans cells (LC) that expressed HLA-Dr and OKT-6 ant igen 
are necessary [or t he PBL response in MSLR [8,9] . 
Ult rav iolet radiation (UVR) can modify some types of im-
munologic responses l10- 13]. Since LC are located wit hin a 
t issue which is accessible to UVR in vivo, they may be the first 
immunocompetent cell s exposed to its effect. In the present 
study, using t he model of MSLR and immunologic markers of 
human LC, we examined t he effect of UVR on both the func t ion 
and t he membrane markers of these ce lls. 
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MATERIALS AND METHODS 
Epidermal Cell., 
Norma l huma n EC were obta ined from ;;urgical skin specimens 
through skin t rypsinization as previously described [14]. Brielly, ker-
ato t.ome slices were incubated at 37' C in 0.25% tryps in (G ibco, G ra nd 
Island, New York ) for 45 min , washed in phosphate buffered saline, 
a nd tra nsferred to complete medium (Dulbecco's modified Eagle's 
medium , DMEM, supplemented wit.h 15% fet.a l calf serum and anti -
biotics) . The epidermis was separated from t he dermis with 2 sca lpels 
and addi t. ional EC were released in to t he medium by agit.ation or t he 
dermis and epidermis betwee n the scalpel blades. Then, suspended cells 
we re lil te red t hrough sterile gauze, concent rated by centrifugation, 
resuspended in complete cul ture medium a nd adjusted to the co ncen-
t ra tion of 1 x lOr. ce ll / ml. J 11 this way prepa red EC did not conta in 
endothelial ce lls as studied by morphologic cri te ria. 
Peripherol Blood Ly mphocytes 
PB L we re obtained from healt hy voluntee rs by Ficoll -Paque (Phar-
mac ia, Uppsala, Sweden) density gradient centrifugation [1 5] of I'resh 
defibrin ated venous blood. Cells were washed 3 times and resuspended 
in RPMI -1640 media (Eurobio, P a ri s, Fra nce ) supplemented wit h 10% 
heat -inac tivated human AB serum , 2 mM L-glutamine, and antibiotics. 
Cells of the monocyt e-macrophage series were eliminated by sequen-
tial in cubation of mononuclea r cells on pl lls tic Petri dishe. · (Corning 
14830, New York ) for 90 min at 37' C in a humidified 5% CO" 
atmosphere. ' -
U V Irradiation 
E (1 x l Or.) in DMEM complete medium were plated in 35-mm 
Pet ri dishes. Ult ra-Vitalux Osram sun -lamp (Osram, Munich, F.R G.) 
served as irradiation source. T en or 20 mJ / cm' were administered in 
sin gle doses as measured at t he surl'ace of the cell suspension by a UVB 
moni to r with maximal sensit ivity a t 297 nm (Digita l Radiomete r Ul-
traviolet Products Jn t ., California). The dose of 20 mJ/cm' co rre-
sponded to the minimal erythema dO'ie (MED) using ourUVR source 
in 4 hea lthy volunteers deprived of sun exposure. After irradiation , the 
cell s were washed and resuspended in RPM I complete medium . Co ntrol 
ce ll s were handled in the same way as UVR-exposed E C but received 
no UVR Nonirradi ated EC (EC) a nd ir radia ted EC (UV-EC) were 
then processed for immunofluorescence studies, mixed s kin ce ll lym-
phocyte cul ture reaction, DNA determination, llnd studies of cell via-
hili ty . In every case, UV-EC and EC were examined immediately and 
a fte r 1, 2, and 3 days of cul ture followin g UV ir radiation. 
I mmllnofillorescence (J F) S tudy 
Two monoclonal antibodies (MCAB) were used: (1) OKT-6 MCAB 
(Ortho Ph arm aceutical Corp. , Ra ri tan , New ,Jersey) has previollsly 
been shown to react with 70% of human intrathymic lymphocytes and 
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specifica lly with epidermal LC 11 6, 171. (2) Anti-H LA -Dr MCAB (Bec-
ton-D ick inson, Mountain View, California): its specific it.y was show n 
to be identical to that. of nonpolymorphic ant.igen (28K, 34K) a nd 
belongs to t he IgG ~n isotype 11 SJ . 
Stai ning wa~ ca rried out in EC suspens ion . Both MCAB we re used 
in a 1:50 di lu t ion fo r 30 min at 4 · C. As t. he seco nd laye r, fluores ein 
isothi ocyanat.e (F IT C)-co njugated goat. anti mouse IgG (Tago, Burlin -
game, Ca liforni a) was used in a 1::10 d il ut ion for 4 .') min a t. 4· C. 
Following 2 subsequent washes the ce lls we re exa mined under a Zeiss 
fl uoresce nce microscope. Addit ional a nalys is usin g the Fluoresce nce 
Activat.ed Cell So rter (FACS IV System, Becton-Dicki nson) have been 
performed. FACS a nalys is was carr ied out at a ce ll conce nt ration of 2 
X 10" ce lls/ml at 4· C with a fl ow rat.e of approx imat.e ly 2000 cells/so 
Mixed Shin Cel/-Lymphocyte Culture React ion 
The MS LR was performed as desc ribed previously 19J . Briefly, 
MSLR wa~ conduct.ed in round-bottomed microtit e r plat.es using 1 x 
10' UV-EC or EC as controls a nd 1 X 10" PBL Iresponder:stimulator 
ratio 1:1 1 in RPM I complete medium. Cells were cocultured for 5 days 
in 5% CO~ humidified atmosphere, at 37· C. PBL were also cul tu red 
a lone under co ndi t. ions ot.herwise ident ica l to those of MSLR. 
["H]Thymid in e (A mersham, U.K.) was t.hen added (1 J.lCi / well ) a nd 
t he ce ll s were ha rves ted 18 h la t.e r. Inco rporat.ion of' thymidine was 
eva luated by liquid scinti llat ion coun t. ing. All MSLR were performed 
in t riplica t.e using PBL from hea lthy volun teers unrelated to t he skin 
donor. 
Cell Viability and DNA Content After UV-l rradiatiol1 
UV -BC and BC were cultured during 3 days on 35- mm plas tic P etri 
di shes (J x 10" ce lls/di sh) in DMEM complete medium. At various 
time pe riods ce lls were removed (by means of trypsin 0.05 % a nd 0.02 % 
BDTA solution) and viabilit y was determined using the trypa n blue 
exclusion test. 
Anot her sa mple of ce lls was used for DNA determ ination. T he 
fluoromet ric micromet.hod for DNA det.e rminnt ion was used as de-
scr ibed by Fiszer-Szafa rz et. a l /1 9J. Bri efl y, 3 x 10" UV -BC or EC were 
resuspended in 50 ,, 101' 2% (w/ w) Trito n X-100 a nd 450 1' 1 I N NH .• OH 
(Merck, Darmstadt, F.R.G.) . Aft.e r heat in g for] hat 100·C a nd coo ling, 
t he volume was readjusted to 500 1'1 wit.h 1 N N H,O H a nd a 100-1'1 
sampl e was mi xed wit h 100 1.1 of DABA reage nt (Sigma, St-Louis, 
Missour i) and heated for ~ O min at 60·C. Aft.e r rapid coolin g, 8001' 101' 
1 N HCI was added a nd a ny precipitate present was cent ri fuged off. 
The fluoresce nce of the supern ata nt was measured using a n Amnico-
Bowman spectrofluorometer (e xcit.a t ion at 408 nm , em ission at 508 
nm). In order to relate t he qua ntities of DNA in t he samples, a 
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calibration cu rve has been establ ished us ing known quantities of DNA 
type 1 (Sigma) in place of the ce lls. 
RESULTS 
I -MED Doses of UVR Do Not Change T-6 and HLA-Dr 
Antigen Expression. on Human LC 
IF study immed iate ly after irradiation did not demons t.rat.e 
a n y differe nce in number of OKT-6 and HLA-D r+ ce ll s as 
co mpa red w it h no n irradiated EC. Two diffe ren t doses of UVR 
(10 or 20 mJ jcm ") did n ot inf1ue nce the numbe r of e it her OKT-
6 or HLA-Dr+ cell s. FACS analys is of m ore t ha n 5 X 10'· EC 
in eac h case confirmed the resu lts obtai n ed by microscopic 
examinatio n (Table I) . After 1, 2, a nd 3 days of cul tu re both 
UV -EC a nd EC s h owed a decrease in t he numbe r of OI{T-6 
a nd HLA-Dr+ cells compared to fresh cell susp ension s. How-
ever, we did n ot see any difference in L C numbe rs betwee n 
UV-EC and EC (Table 1). The number of HLA-Dr+ cell s was 
a lways greate r t ha n that o f OKT-6 labeled ce lls in both noni r -
radiated a nd U V -irradiated EC suspe ns io n s. 
UV Irradia tion of Hum.an EC Leads to T em.porary Redu.ction 
and Abolition of PEL Response 1I1. Allogenel.c MSLR 
UV -EC washed after irradiatio n and used d irectly in MSLR 
induced o nly 50% PBL response as compared w it h nonirra-
diated EC fro m t he sa m e dono r. Afte r 24 h of cu lt ure, t he V-
EC d id not induce a n y lymph ocyte respon se, whe reas a ft e r 48 
h o f culture t h ey s howed a s light lymp hocyte stimulat.io n as 
co mpared with cul t ured PBL a lone (Tab le II) . Howeve r , this 
UV-EC induced ly mphocyte stimulation was still lowe r than 
t hat observed w it h 48-h cultured no nirradiated EC. At 72 h , 
cul t ured irradi ated a nd non irradiated E C induced s imila r re -
spon ses in MSLR. 
As we prev iously reported and de m o nstrated in t hi s s tudy, 
cul t ured no nirradiated EC a re capable of e li c iting a v igorous 
respo nse in MSLR for up to 3 days, after which time t h e 
respon se progress ively dimini s hes (20) . 
Cell Viability and DNA Content 
I n o rde r to determine whethe r t he effect of irradiatio n o n t he 
MSLR was due to t he a lteratio n of' a ll EC, we stud ied EC 
TA BLE I. Expressiol1 of OI<T-6 and H LA-Dr determinants 0 11 EC and UV- EC prior and during 3 days of culture 
EC UV-EC 
10 m,l /em' 20 mJ / cm' 
Hours 
of 
culture 0 1<T·6+ HLA-Dr+ 
OKT-6+ HLA -Dr+ 0 1n'-6+ HLA -Dr+ ------------------------------------~~--
o 
24 
48 
72 
2.4 ± l.0" 3.0 ± O.S 2.;) ± 1.0 
(2.0 ± 0.7)" (2 .3 ± O.G) 
2. 1 ± 0.4 2.8 ± 0.6 2.0 ± 0.4 
1.9 ± 0.5 2.5 ± 0.4 
2.1 ± 0.4 2.5 ± 0.4 
~(1_.G __ ±_0_.4~) ______ ~(~I.~S±_0_.6~) __________ __ 
NO' 
NO 
2.8 ± 0.7 
2.8 ± 0.4 
3.0 ± 0.9 
(2.4 ± 0.9) 
3.1 ± l.0 
~.6 ± 0.8 
2.7 ± 0.6 
(l.8 ± 0 7) 
"Fluorescence microscopy- 500 EC were cou lli ed to est.ablish t he percentage of posi t ive st.a ined cells. 
b Resul ts obta ined by FACS a na lys is. EC were labeled wit.h either anti-T -6 or anti -HLA-Dr a ntibody fo ll owed by G/ M-FlTC a nd. after 
washing, we re resuspended in PBS (2 X 10·' ce lls/ml ) and processed in a FACS IV at 2000 cells per S. Background flu orescence was det.ermi ned 
by a na lyzing EC trea ted wit h norma l mouse serum a nd G/M- FITC. At least 5 x 10' EC were counted in every case. 
r NO = not done. 
TABLE II. Effect of UII irradiation (20 I7lJ/cm' ) (In the capacity of EC to stimulate ill MSLR 
Exp.l1o. 
II 
Cells 
EC + LAb 
UV-EC + LA 
LA a lone 
EC + L i t 
UV-EC + Lil 
L" alone 
o h" 
:36,471 ± 1,25 1' 
18,297 ± 2,151 
1,820 ± 408 
10.469 ± 1,421 
5,258 ± 1,056 
723± 194 
"Cult.ure time of UV -EC and EC before their use in MSLR. 
b Responder a lloge nic lymphocyt.es from donor A or B. 
' Change in coun t.s x 10- "; mea n of t.rip licat.e wells ± SEM. 
---- ----
2·t h 48 h 
~O,6GO ± 2,2 12 16,549 ± 1,689 
] ,84 1 ± 466 3,25) ± 827 
1,40 1 ± 2 11 1,G2 1 ± :i21 
7,898 ± 1,627 6,2 15 ± 1,628 
1,107 ± 907 3,8~1 ± 1,003 
821 ± 321 693 ± 421 
n h 
7,559 ± 1,239 
6,891 ± 1,03:3 
1,71.'; ± 629 
4,821 ± 1,056 
3.991 ± 8~7 
711 ± 189 
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TABLE II I. Cell viability and DNA con tent of EC during 3-day culture 
periods following irradia t.ion 
H our~ Cell Viabi lity· DNA Content" 
after 
irradiat.ion 
o 
12 
24 
48 
72 
EC 
90 ± 6 
8:3 ± 5 
72 ± 11 
72 ± ]] 
fi4 ± 11 
UV-EC 
85 ± 9 
77 ± 9 
69 ± 7 
51 ± 11 
50 ± 8 
EC UV-EC 
3.1 ± 0.20 2.65 ± 0.30 
3.1 ± 0.14 2.93 ± 0.11 
2.50 ± 0.14 2.35 ± 0.21 
2.55 ± 0.10 2.30 ± 0.15 
2.70 ± 0.12 2.60 ± 0.20 
"Percentage of cells excluding by trypa n blue; expressed as mean ± 
so. 
"Expressed as mean ± SO Ilg DNA/3 x 10" EC. 
viabi li ty at different ti mes fo ll owing irrad iation a nd, in addi-
tio n we tested t he DNA conte nt of equa l numbers of bot h UV-
EC ~nd EC. It can be seen in Table III that no differences we re 
obse rved in cell viability of UV -EC as compa red wi t h EC, 
whatever t he t ime period p ostirradiation. High cell viability of 
UV -EC and EC noted at t he beginning of t he experiments (85 
± 9% a nd 90 ± 6%, respectively), progressively but similarly 
diminished wi t h t ime during the culture period in both UV -EC 
and EC. 
The estimations of DNA co ntent, indicated a lso in Table III , 
d id not s how any significant differences between UV-EC and 
EC. However, t he amount of DNA was always sli ghtly dimin -
ished in irradiated ce ll s. 
DISCUSSION 
We and others [5- 7J have shown t hat E C in suspension 
induce PBL proliferation in in vitro MSLR. It was a lso dem -
onstrated that MSLR is critically dependent on the presence 
of HLA-Dr and/or OKT-6 a ntigen -bea rin g ce lls in E C suspen-
s ion [21,22 J. 
In t he present study we exam ined the effect of UVB on 
surface markers of LC and their capac ity to induce PBL pro-
life ratio n in vit ro. In ou r experiments, single doses of UVR (10 
or 20 mJjcm~ ) did not influence t he number of HLA-Dr+ and 
OKT-6+ stained cells as measured either immediately or daily 
during 3 days of cu lture fo llowing irradiation. 
Previous reports co ncernin g t he effect of UV irradiat ion on 
LC number in vivo have s how n contradictory results. Toews et 
a l [23J noted diminution of ATPase+ LC following in vivo 
irradiat ion (10 mJ jc m2 jday for 4 days) of murine skin . Aberer 
et al [24 J reported that s ingle doses of 40- 60 mJ jc ml deleted 
[a (HLA -Dr) a nt igen a lt hough LC could still be iden~ified by 
electron microscopy . Lim et al [25J observed a maXimal de-
c rease in ATPase+ LC density (60- 70%) with UVB doses of 
300 mJ/cm l . [n contrast, Nordlund et a l [26 ] noted t hat LC 
retained la antigens in murine ea r epidermis following irradia-
tio n (300- 500 mJ /cml). In their experiments, a fte r either single 
or multipl e (3 exposu res) UVB doses producing minima l in -
flammatory response, t he number of LC seemed to be increased. 
From a funct iona l point of view, it was suggested that the 
diminution of ATPase+ LC in t he epidermis might accoun t for 
the failure to induce contact hypersensitivity in irradiated skin 
[23 ]. Furthermore, irradiated EC t hat had been ha ptenated 
with tr ini t roc hlorobenzene sulfonate (TNBS) and then injected 
into synge neic mice were un able to se nsitize a nimals for contact 
hype rsensitivi ty [27J. S imilar resu lts were obta ined us ing tri-
ni trophenyl (TNP)-coupled EC obtained from UV -irradia ted 
mice 128J. 
It has bee n suggested t hat UVR inte rfered with LC function, 
eithe r by depleting t heir number or by impa irment of t heir Ia 
antige n expression. However, recently Noo nan et al [29J re-
ported t hat UVR ca n suppress a llergic co ntact sen siti vity with-
out necessa rily a lter ing t he number and morphology of LC. 
As presented here, UV -EC used immediately or 24 h fo llowing 
irradiation in MSLR demo nstrated, respectively, decreased or 
tota lly aboli shed capacity to induce PEL proliferation com -
Vol. 83, No.1 
pared to EC. This UVR-induced defect occurred without 
changes either in number or in HLA-Dr and T-6 an t igen 
expression by LC. Furthe rmore, we did not find impairment of 
keratinocyte viability and DNA content following irradiation 
as compared with EC. Simila r results were reported in murine 
primary epidermal cell-lymphocyte reaction (ELR) , where UVB 
doses which virtually abolished the ELR, did n ot affect EC 
viability [30,31] . 
On the other hand, we noted that UV-EC when cultured for 
3 days foll owing irradiation demonstrated a lmost the same 
ability to induce PBL proliferation as EC. This may suggest 
t hat UV irradiation resulted n eithe r in death nor in importa n t 
morphologic alteration of LC but only produced functional 
defects obse rved directly after UVR-exposure. A recen t report 
from Cooper et al [32J shows particular agreement with our 
findings. They irradiated human skin in vivo, and EC suspen-
sions were prepared immediately or 24 h later a nd used in ELR. 
Signifi ca n t decreases in ELR were found, but when UV -E C 
were prepared 24 h after irradiat ion there was no decrease of 
ELR but rather a slight enhancement. The more rapid resto-
ration of LC function may be explained by the longer incuba-
t ion period (7 days) in their ELR compared to ou r MSLR (5 
days). This addit ional 48-h incubation would a llow t heir LC to 
recover. A report of Ansel et a l [33] demonstrating t hat UVR 
increases epidermal thymocyte-activating factor (ET AF) pro-
duction by ke ratinocytes cannot explain our findin gs since 
much larger doses were used to generate ETAF. 
The present study may suggest that in human epidermis LC 
a re t he target of UVR effect which expresses itself by a tem-
porary defect in the antigen processing function of t hese cells. 
This defect would be reversible and is not accompanied by 
changes in m embra ne antigenic markers (HLA-Dr and T-6). 
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